weight and obesity epidemic, there is a critical need for practical, affordable, and scalable intervention strategies that effectively maintain weight loss. Such strategies may also play an important role in preventing weight gain among normal-weight individuals, thereby reducing the incidence of overweight and obesity. 12 Despite the potential for health benefits of weight loss maintenance, there is little evidence, particularly from clinical trials, on how to accomplish this objective. Observational studies suggest that continued intervention contacts 9, 13 ; self-monitoring of dietary intake, physical activity, and weight [14] [15] [16] ; accountability 10, 14 ; and regular physical activity 17 lead to sustained weight loss. However, very few trials have explicitly tested alternative strategies to sustain weight loss, and few weight loss studies have implemented interventions for longer than 18 months. 13, 14, [18] [19] [20] Although effective weight management is an important goal for everyone, it is especially important for segments of the population at highest risk for future CVD. Minority populations in general and African Americans in particular are affected disproportionately by the obesity epidemic, with greater prevalence and incidence of overweight and obesity and greater severity of obesity-related CVD risk factors. [21] [22] [23] For individuals with known CVD risk factors, weight management is a priority because of the beneficial effect of weight loss on blood pressure, lipid profile, and insulin resistance. Even though African Americans and individuals with CVD risk factors may benefit the most from effective weight loss maintenance strategies, large weight loss trials historically have had limited inclusion of minorities and other high-risk groups, thereby limiting generalizability.
In this context, we report the main results of the Weight Loss Maintenance (WLM) trial, a controlled trial of 2 practical strategies for maintaining weight loss for 30 months following initial weight loss in a large, diverse, adult population at high risk for CVD.
METHODS
Participants were enrolled in 2 phases of the clinical trial: phase 1 was a 6-month nonrandomized initial weight loss intervention for all participants; phase 2 was a randomized 30-month trial comparing 2 weight-maintenance strategies (personal contact and interactive technology) vs a self-directed control condition.
Participating institutions included 4 clinical centers-Duke University, Johns Hopkins University, Pennington Biomedical Research Center, and the Kaiser Permanente Center for Health Research. The study was approved by an institutional review board at each participating site and by a protocol review committee appointed by the National Heart, Lung, and Blood Institute. All participants provided written informed consent, and a data and safety monitoring board provided trial oversight. A detailed description of trial methods is available at http://www .kpchr.org/wlmpublic.
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Participants
To be included into phase 1 of the study, participants were required to have a body mass index (BMI), calculated as weight in kilograms divided by height in meters squared, of between 25 and 45; to be taking medication for hypertension, dyslipidemia, or both; to have no active CVD (those with a positive Rose angina questionnaire or a CVD event no less than 12 months before study entry and a negative stress test result could join the study with permission from their physician); access to a telephone and to the Internet; and to keep a food diary for 5 days during the screening.
Major exclusion criteria for phase 1 were medication-treated diabetes mellitus, a recent cardiovascular event or other medical or psychiatric conditions that would preclude full participation in the study, weight loss of more than 9 kg in the last 3 months, recent use of weight loss medications, or prior weight loss surgery. The primary criterion for randomization into the study's second phase was weight loss of at least 4 kg during the first phase.
Recognizing that weight loss studies often lack large numbers of male participants, we sought to enroll 40% men. In addition, a major trial goal was to recruit a study population that was approximately 40% African American. Participants self-identified their race categories.
Participant Flow
Recruitment relied on mass mailings, posted flyers, radio advertisements, and print media. Individuals meeting prescreening criteria attended a series of screening visits, after which eligible participants began the 6-month groupbased, phase 1 behavioral weight-loss program, for which enrollment oc- Randomization assignments were stratifiedbyclinic,race(ie,AfricanAmerican or non-African American), and amount of weight loss during phase 1 and were allocated in blocks of varying sizes to provide a balance in treatment assignments over time. The actual allocation assignments were generated using a password-restricted, Web-based application developed by the coordinating center and were accessible only to authorized unblinded personnel.
Measurements
Data collection visits occurred at study entry and at the end of phase 1 (ie, at randomization, also referred to as baseline) and every 6 months after randomization for 30 months (2 1 ⁄2 years). Measurements were obtained by trained, certified staff members who were masked to treatment assignment.
Weight was measured in duplicate with the participant wearing light indoor clothes without shoes and using a high-quality, calibrated digital scale. At baseline and at 12 and 30 months after randomization, weight was measured on 2 separate days, and values were averaged. At other times, weight was measured at a single clinic visit. Height was measured once at entry using a calibrated, wall-mounted stadiometer.
Dietary intake and physical activity were measured at entry, randomization, and the 12-and 30-month follow-up visits. Diet was assessed by the Block food frequency questionnaire. 26 Physical activity was measured by accelerometry. Participants were asked to wear a calibrated, triaxial accelerometer (RT3, Stayhealthy Inc, Monrovia, California) for at least 10 hours per day for at least 4 days, including 1 weekend day. Accelerometry results that comprised at least 1 weekday and 1 weekend day were used to estimate total weekly minutes of moderate to vigorous physical activity (MVPA). Total MVPA reflects both leisure time exercise and daily activity patterns (such as climbing stairs) and thus provides a measure of total MVPA-related energy expenditure.
Initial Weight Loss Intervention
The phase 1 intervention was a groupbased behavioral intervention. A trained interventionist led 20 weekly group sessions over approximately 6 months. Intervention goals were for participants to reach 180 minutes per week of moderate physical activity (typically walking); reduce caloric intake; adopt the Dietary Approaches to Stop Hypertension dietary pattern, which has been shown to reduce CVD risk factors [27] [28] [29] [30] [31] [32] ; and lose approximately 1 to 2 lb per week. Par- ticipants were taught to keep food and physical activity self-monitoring records and to calculate caloric intake.
Maintenance Interventions
Participants included in the study's second phase were randomly assigned to 1 of 3 groups: a self-directed comparison condition in which participants received minimal intervention, an interactive technology-based intervention in which participants were encouraged to regularly log on to an interactive Web site; and a personal-contact intervention in which participants had monthly individual contact with an interventionist. The goals of the interactive technology-based and personal-contact interventions were maintenance of the phase 1 weight loss or loss of additional weight if desired, continued adherence to the recommended dietary pattern, and increasing moderate physical activity to at least 225 minutes per week. 33, 34 Both personal-contact and interactive technology-based interventions reinforced the key theoretical constructs (motivation, support, problem solving, and relapse prevention) that had been incorporated in phase 1. In addition, both active interventions incorporated features found to be associated with maintenance of behavior change in previous studies, such as continual intervention contacts, selfmonitoring, accountability, prolonged continuous contact, and motivational interviewing. The counseling strategies and dietary and physical activity recommendations were the same in the personal-contact and interactive technology-based groups. Both maintenance interventions were designed to be easily disseminated and practical to implement.
At randomization, participants in the self-directed group received printed lifestyle guidelines with diet and physical activity recommendations, and they met briefly with a study interventionist again after the 12-month data collection visit.
The interactive technology-based intervention included unlimited access to a Web site designed to support weight loss maintenance. 25 Interactive features allowed participants to set personal goals and action plans for the next week and to graph personal data over time. Modules addressed problem solving and motivation, and a bulletin board facilitated social support but did not provide in-person counseling.
When participants logged on, they were required to enter their current weight and were encouraged to use the Web site for self-monitoring of physical activity and caloric intake. Participants were encouraged to log on at least once a week. If they missed a selfscheduled contact, they were sent an e-mail reminder that was repeated after another week of no contact. If there was no response to 2 e-mail prompts, participants received 2 weekly automated telephone calls. If there was no subsequent log-on, study staff contacted the participant and encouraged him/her to return to the Web site.
The personal-contact intervention consisted of a case management approach with monthly person-to-person guidance and support. Participants had telephone contact with an interventionist for 5 to 15 minutes each month, ex- cept for every 4th month when they had a 45-to 60-minute individual face-toface contact. This frequency of contact was based on previous trials 9,10,35 and on disease management programs 36 and is consistent with recommendations of the Medicare Medical Nutrition Therapy Amendment Act of 2001. 37 The personalcontact intervention did not involve Internet contacts.
Each personal-contact session began with a self-reported weight (or measured weight at face-to-face contacts) and a review of progress since the last contact, including number of days on which a food diary was kept, frequency of weighing, average number of minutes of exercise, and progress on additional goals and action plans. Each contact provided support from the interventionist, accountability for commitments made at the previous contact, and opportunities to discuss the individual's barriers to weight loss maintenance and plans to overcome those barriers.
Outcomes
The primary outcome was change in weight from randomization (the start of phase 2) to the end of the study, 30 months after randomization. We also present data on the change in weight from entry (the start of phase 1) to the end of the study, as well as dichotomous measures of weight change: maintenance of at least a 4-kg weight loss relative to entry weight, no net weight gain from entry, at least 5% loss from entry, and no more than a 3% gain from randomization. Additional outcomes were total energy intake (kcal/d) and MVPA (min/wk).
Statistical Methods
The primary between-group comparisons in weight change after randomization were adjusted for entry weight, change in weight during phase 1, age, sex, race, a race ϫ sex interaction, and clinical center (site). Each activetreatment was compared with the selfdirected control condition. To correct for multiple comparisons and thereby preserve the experiment-wide type I error rate at .05 for the 2 tests in the primary outcome analysis, the smaller of these 2 P values was evaluated against an ␣ level of .025, and, if significant, the larger P value was evaluated against an ␣ level of .05. [38] [39] [40] The question of whether weight change differed between personalcontact and interactive technologybased groups was tested (at the .05 level, in a similarly adjusted model) only if 1 of the 2 primary contrasts was significant.
The model for the secondary outcome of change in weight from entry (ie, from the start of phase 1 to the end of the study) was similar, but did not include change in weight during phase 1 as a covariate. The analyses of change in total energy intake and MVPA paralleled those for the primary outcome analysis, except that they adjusted for entry-level and phase 1 change of the outcome of interest (energy intake or MVPA) rather than weight. To preserve power for secondary outcomes, the protocol stipulated a priori that no multiple comparisons correction would be made for these analyses. We also used similar models to test for interactions with prespecified subgroups. In the case of race-sex subgroups, clinical interest in these subgroups led to an analysis of treatment effects separately in each stratum despite the absence of significant interaction.
We used multiple imputation 41, 42 to replace missing end-of-study weights (for 68 individuals), missing interim weights, and other measures. Only weights missing due to participant death (n=3) were not imputed. Consequently, all 1029 randomized participants who survived are included in the primary outcome analysis. To derive imputed end-of-study weights, we used interim weights and variables related to phase 1 weight loss to estimate the parameters of a multivariate distribution from which imputed values were drawn, creating 5 separate imputation samples. Results presented herein are the average of separate, identical analyses performed on each of these 5 complete data sets, with appropriate adjustment of standard errors 43 to incorporate the added variability over imputations. Hence, the standard errors are somewhat inflated relative to what would be observed using only a single-imputation sample.
The originally anticipated phase 2 sample size of 800 was designed to provide 90% power to detect a 2.0-kg difference in weight change between either of the active interventions (personal contact or interactive technology) vs the selfdirected strategy and 80% power to detect treatment differences of about 2.9 kg in an expected subset of 320 African Americans. All analyses were conducted using SAS, version 9.1 (SAS Institute Inc, Cary, North Carolina), and all P values are 2 sided.
RESULTS
A total of 1685 individuals participated in phase 1, the initial weight loss intervention, of whom 1032 (61% ) met phase 2 entry criteria (FIGURE 1). Follow-up rates were 93% to 96% at each major data collection visit (Figure 1 ). There were no notable differences in participant characteristics at entry into the study between those who completed the final data-collection visit and the 68 individuals who did not (data not shown). Three participants (1 in each treatment group) died after randomization and are not included in the intention-to-treat analysis, which is therefore based on 1029 participants.
Participants in the interactive technology group logged onto the Web site an average of once a week and had at least 1 Web site contact for 77% of the months of the maintenance phase. Participants in the personal-contact group completed an average of 91% of monthly intervention contacts. During phase 1, participants increased their MVPA by about 48 minutes, but that decreased significantly in all 3 groups after randomization to the maintenance phase of the study by 32 minutes in the self-directed, 35 minutes in the interactive technology, and 33 in the personal-contact groups. By the end of follow-up, participants' exercise levels were not significantly higher than the amount of time they exercised at study entry. Changes in MVPA in phase 2 did not differ significantly between groups: −5 min/wk (95% CI, −24 to 14 min/wk) for personal-contact vs self-directed, −8 min/wk (95% CI, −27 to 12 min/wk) for the interactive technology-based vs the self-directed group, and 4 min/wk (95% CI, −11 to 18 min/wk) for the personalcontact vs the interactive technologybased groups).
Weight Outcomes
All groups regained weight after randomization by a mean of 5.5 kg in the self-directed, 5.2 kg in the interactive technology-based, and 4.0 kg in the personal-contact group (FIGURE 2, TABLE 2). However, the mean weight at 30 months remained lower in each group than mean weight at entry into the study (Figure 2 , Table 2 ). As shown in TABLE 3, at 30 months after randomization on average, those in the personal-contact group regained 1.5 kg less weight than those in the self-directed group (95% CI, 2.4-0.6 kg; P = .001), whereas those in the interactive technology-based group regained only 0.3 kg less than those in the self-directed group (95% CI, 1.2-0.6 kg; P = .51). Those in the personal-contact group regained a mean of 1.2 kg less than those in the interactive technology-based group (95% CI, 2.1-0.3 kg; P=.008). As expected, the pattern of results is similar when the outcome is expressed as percentage weight change (personalcontact vs self-directed group difference, −1.8%; PϽ.001; interactive technology-based vs self-directed group difference, −0.4%; P = .5; personalcontact vs interactive technologybased group difference,−1.5%; P=.003, data not shown). Table 3 demonstrate that participants in both the interactive technology-based and personal-contact groups experienced significantly less weight regain than those in the self-directed group at each follow-up visit for 24 months following randomization.
Additional analyses reported in
At the end of follow-up, there were no significant interactions with baseline BMI, age, or race. Nevertheless, given the strong clinical and public health interest in the impact of obesity in African Americans, we report weight changes in race-sex subgroups. TABLE 4 shows that the magnitude of the observed treatment effects was generally consistent across these groups; in the absence of significant interaction, any apparent differences must be interpreted cautiously.
Post hoc sensitivity analyses removing 2 outliers (a participant in the interactive technology-based group who lost 30 kg and a participant in the selfdirected group who gained 60 kg in phase 2) did not substantively change the results. Even without these outliers (both of whom were verified) the range of weight change after randomization was large in each group (self-directed range, −12 to 26 kg; interactive technology-based range, −12 to 24 kg; and personal-contact range, −17 to 25 kg).
A sizeable proportion of participants in each treatment group sustained clinically significant weight loss (TABLE 5) . Overall,41.8%ofparticipantsmaintained at least 4 kg of weight loss compared with entry weight, with no significant differences between treatment groups; 70.9% remained at or below their entry weight. The proportion maintaining this much weight loss was significantly higher in the personal-contact group than in the selfdirected group (P=.003), as was the difference between the personal-contact and interactive technology-based groups (P=.03).Also,37.1%overallremained5% or more below entry weight. The difference between the self-directed and personal-contact groups was significant (P=.02).Finally,31.5%regainednomore than 3% higher than their randomization weight. These percentages do not differ between treatment groups. Error bars indicate 95% confidence intervals.
STRATEGIES TO SUSTAIN WEIGHT LOSS
COMMENT
In this study of overweight and obese adults, who are at high risk of CVD, those who were randomly assigned to the personal-contact intervention regained significantly less weight over a 30-month period than those assigned to the selfdirectedandinteractivetechnology-based interventions. The personal-contact intervention was effective across all subgroups-men and women, African Americans and non-African Americans, andyoungerandolderadults-suggesting the potential for broad public health impact. Because most personal-contact intervention contacts consisted of monthly 10-to15-minutetelephoneconversations, this is an efficient and practical mode of delivery.
Although weight regain with the personal-contact intervention was statistically less than weight regain in the selfdirected control group, the mean effect was a modest 1.5 kg at the end of the study. However, even modest weight loss can improve cardiovascular risk factors. 3, 4, 7, 8, 44 Each kilogram of weight loss is associated with an average decrease in systolic blood pressure of 1.0 to 2.4 mm Hg 44 and a reduction in incident diabetes of 16%. 45 Nevertheless, it is clear that preventing weight regain is extremely challenging. In fact, some observers have asserted that long-term success rates are so low that providing long-term behavioral weight loss treatments may ultimately be futile. 46, 47 However, our results suggest that clinically relevant weight loss maintenance is feasible. At the end of the study, more than 45% of those in the personal-contact intervention were still maintaining at least 4 kg of weight loss, an amount with clear clinical benefits.
Our study results compare favorably with previous trials, including Trials of Hypertension Prevention Phase II (TOHP-II) 7 and STOP Regain. 18 In TOHP-II, an intensive behavioral weight loss intervention was followed by less intensive intervention for a total of 3 years. Only 43% of study participants lost 4 kg or more during the initial intervention compared with more than 60% in our study. Among TOHP-II participants who lost at least 4 kg in the first 6 months of intervention, their mean change in weight at 3 years was −2.3 kg 7 (Nancy Cook, ScD, TOHP Coordinating Center, written communication, November 19, 2007) compared with −4.2 kg in the WLM personal-contact group.
In STOP Regain, 319 adults who reported losing at least 10% of body weight within the previous 2 years were randomly assigned to one of three 18-month maintenance interventions: face-to-face contact, Internet intervention, and control. 18 Despite substantial study differences that might favor weight-loss maintenance (including shorter duration of maintenance intervention, more tailored intervention, and minimal enrollment of minorities), STOP Regain's findings were similar to those of our study: there was a 2.5-kg weight regain at 18 months in the STOP Regain face-to-face intervention compared with a 3.1-kg regain in the personal-contact intervention of WLM.
An important key to progress in combating the obesity epidemic is the extent to which effective intervention can be widely disseminated. In this regard, interactive technology-based interventions remain promising because of their potential for low-cost dissemination and the extent to which technology is rapidly becoming integrated into communication, learning, and health care. The effect of the WLM interactive technology-based intervention and the STOP Regain Internet intervention were similar: there was no significant difference in long-term regain between the Internet intervention and the control group. At 18 months, participants in the WLM Internet-based group had regained 3.8 kg compared with 4.7 kg in the STOP-Regain Internet group. 18 However, in the WLM interactive technology-based group, weight regain was significantly less than in the self-directed group through 24 months of followup. Participants in the interactive technology-based intervention remained a P values from these models adjust for site, race, sex, raceϫsex, and weight change during phase 1; a separate model was used for each time point.
engaged with the Web site, continuing to log-on at least once a week throughout the study, and a large proportion maintained clinically significant weight loss. Given the potential for widespread dissemination at relatively low cost per participant, continued development of interactive technology-based intervention should be a high priority for obesity research. For both the personal-contact and interactive technology-based interventions, future studies must determine how these maintenance interventions can be improved. It is possible that greater effects may be achieved by providing more tailored intervention. For example, individuals may benefit from different levels of intervention intensity at different times. The personalcontact approach may be superior for some individuals and the interactive technology-based approach for others, or combining elements from both interventions may have additive effects. In addition people attempting to maintain weight loss over the longterm may need to be reenergized, motivation may need to be re-engaged, and social support may need to be reinvigorated. In the interactive technology-based intervention, participants may also need technological enhancements and additional media resources, and they may need occasional personal contacts. Further development of these interventions is needed to increase the proportion of initial weight loss that is maintained and the duration over which it is maintained.
Future intervention development should also consider the fact that weight loss maintenance occurred in a substantial proportion of those in the control group. Similar effects have been seen in control groups in other lifestyle trials, 48 and may simply reflect the fact that the study population is highly selected, highly motivated, and successfully lost weight in phase 1. In addition, there may be an intervention effect associated with the semi-annual data collection visits. However, beyond these factors, identification of predictors of successful weight loss maintenance, regardless of randomized treatment group, may reveal factors that can be emphasized or added to future interventions to improve long-term weight loss maintenance.
The effect of both the personalcontact and interactive technologybased interventions was modest. Future consideration of implementation of these interventions must take into account the cost relative to benefit. But it is important to recognize that to date, there has been little research specifically addressing strategies for maintenance of weight loss, despite the fact that maintenance is the main impediment to long-term weight control. Clearly, these treatment modalities are at the early stages of development. The results of our study lay the groundwork for the development of even more effective approaches to combating and reversing the obesity epidemic, and the results represent significant forward progress.
There were several limitations of the WLM study. First, only individuals who had successfully lost weight in phase 1 were randomized into phase 2. The consequence of this design feature is that the results can only be generalized to the population of successful weight losers. However, this feature was the intent of the study: to compare strategies for maintaining weight loss. Second, there were very few Hispanic participants, another group disproportionately affected by the obesity epi- a P = .003 when comparing personal-contact with self-directed groups, and P = .03 when comparing personal-contact groups with interactive technology groups. b P = .02 when comparing personal-contact with self-directed groups.
demic. Third, our dietary and physical activity measures may not accurately reflect energy intake and expenditure. Food frequency questionnaires tend to underestimate caloric intake 49 while accelerometers may underestimate or overestimate energy expenditure, depending on the kind of physical activity. 50 More accurate measurements are necessary to determine the relative contribution of changes in energy intake and expenditure to weight loss maintenance. Fourth, the duration of intervention was only 3 years. The National Heart, Lung, and Blood Institute has recommended that truly longterm benefit be assessed over at least 5 years. 51 Few previous trials have continued intervention beyond 18 months, 7, 18, 48 but even longer trials are needed. Fifth, the outcome of WLM was weight loss maintenance, not CVD events. The number of participants and time that would be required for a true outcome study preclude such a design, but improvement in CVD risk factors with weight loss can be reasonably expected to reduce CVD risk.
To our knowledge, this is the longest, largest randomized controlled study that specifically tested alternative strategies for maintenance of weight loss. An important feature of the WLM study was the unusually high proportion of African American participants (38% in WLM vs 18% in TOHP-II 52 and 4% in STOP-Regain [Rena Wing, MD, Brown University Medical Center, written communication, February 2, 2008] ). Previous trials suggest that weight loss in African Americans may be particularly challenging. 7, [53] [54] [55] African Americans in our study achieved more weight loss than in other large studies, 7, 55 and there were no significant race-sex interactions with treatment effects. In addition, the rates of adherence and follow-up were high, with 94% of participants attending the final data collection visit. These factors as well as the evaluation of participants prior to initial weight loss and the standardized initial weight loss intervention contribute to the strength of the study.
Inconclusion,themajorityofindividuals who successfully completed an initial 6-month behavioral weight loss program maintained weight below their entry level after 30 additional months. Monthly brief personal-contact sessions provided modest benefit in sustaining weight loss, whereas an Internet-based intervention provided early but transient benefit. Future research should focus on longer intervention and follow-up, understanding predictors of successful maintenance and further refinement of both personalcontact and interactive technology-based interventions.
